The prune locus of Drosophila melanogaster lies at the tip of the X chromosome, in a region of reduced recombination in which nearby loci show reduced variation relative to evolutionary divergence from D. simulans. DNA sequencing of prune alleles from D. melanoguster and D. simuluns reveals extremely low variation in D. melanoguster but greater variation in D. simuluns. Divergence between the two species is not reduced. This pattern may be explained by either positive selection leading to hitchhiking of neutral variation or background selection against deleterious mutations. The pattern of silent versus replacement polymorphism and divergence at prune is consistent with either a model of weakly deleterious selection against amino acid substitutions or balancing selection.
Introduction

Mutations
at the prune (pn; l-0.8) locus of Drosophila melanogaster result in a brownish-purple eye color due to a reduction in the red pteridine eye pigment drosopterin (Naryanan and Weir 1964; Lindsley and Zimm 1992 , and references therein). Molecular analysis of the prune locus has shown that it encodes a protein product with some similarities to GTPase-activating protein (Teng et al. 199 1 a, 199 lb). We have begun a molecular evolutionary analysis of prune by obtaining the DNA sequences of eight alleles from D. melanogaster, including one naturally occurring mutant and one laboratory mutant, and four alleles from D. simulans, including a laboratory mutant. We have discovered that D. melanogaster lacks variation at prune but that D. simulans is more polymorphic and contains some potentially interesting amino acid polymorphisms. Our data fit a pattern of reduced variability in a region of reduced recombination in D. melanogaster (Begun and Aquadro 1992) .
Material and Methods
Drosophila melanogaster Stocks
The following D. melanogaster stocks were used:
PCI6. - Rubin (personal communication) . Primers for both the polymerase chain reaction (PCR) and DNA sequencing were developed on the basis of the sequence of a prune cDNA, TcD37, reported by Teng et al. (199 1 b) . All were 20-mers and were synthesized by Research Genetics. Primer sequences are available on request. Templates for DNA sequencing of the prune locus were prepared by PCR amplification of the locus from genomic DNA. Primers that lie outside the coding region ofprune, at bp -129 and at bp 1392, were used to amplify a 1,52 1 -bp fragment. PCR products were purified using a Magic PCR Prep Column (Promega) and were sequenced directly by a thermocyclic method using the fmol sequencing kit (Promega) and -4 fmol of template for each reaction. Sequencing primers were spaced roughly every 200 bp along both strands of the template.
Results
We examined 1,395 bp of the PCR products of five wild-type alleles of prune in Drosophila melanogaster and three wild-type alleles in D. simulans, along with the pn2 mutant of D. simulans. In addition, we sequenced 1,097 bp of the PCR products of two mutant alleles of prune in D. melanogaster, representing the coding region of the gene. Figures 1 and 2 show the DNA and inferred amino acid sequences, respectively, for the sequences relative to the sequence of the prune gene (TcD37) as determined by Teng et al. ( 199 1 b) . Table 1 summarizes levels of polymorphism for both species and provides estimates of per-nucleotide heterozygosity (6) and nucleotide diversity (z) (Kreitman 1991) . The estimates for D. melanogaster include the TcD37 sequence, while those for D. simulans include the pn2SIM allele (see below).
In D. melanogaster, only two nucleotide polymorphisms, both unique in the sample, exist among six wildtype prune alleles. One variant is a silent substitution in the 5' noncoding region, while the other produces an amino acid replacement. In contrast, there are 17 polymorphic nucleotide sites among the four D. simulans alleles, 5 of which cause amino acid replacements. In addition, there were three polymorphic indel variants in the 3' noncoding region of D. simulans. Estimates of per-nucleotide heterozygosity are about 1 O-fold higher for D. simulans than for D. melanogaster (8=0.0066, vs. 0.0006; table 1). However, the 95% confidence limits on 8 for the two species overlap, and the difference is thus not statistically significant (table 1) .
Both the laboratory mutant pn2 and the wild-caught mutant GB39 are apparently due to indel variation ( fig.  1 ). Both mutations produce frameshifts that result in truncation of the protein. Aside from the lesions that generate the frameshifts, there are no differences between the sequences of the mutant alleles and that of the reference prune sequence.
In D. simulans the pn2SIM mutant allele is due to a base-pair substitution at position 49 in the coding region, which generates a stop codon. The deduced amino acid sequence of this mutant allele is otherwise identical to that of PC3. This allele probably has not accumulated additional variation since its isolation, and we have therefore included it (sans the mutational event itself) in the analysis of polymorphism in D. simulans.
There are 36 fixed differences between the wildtype D. melanogaster prune sequences and the D. simulans prune sequence presented here. Divergence in the coding region at silent sites between the PC16 and PC3 alleles is 0.093, while at replacement sites it is 0.007.
Discussion
The tip of the X chromosome in Drosophila melanogaster and D. simulans has become the focus of a growing number of molecular population genetic studies because recombination in the region is reduced and because loci in this region-for example, yellow-achaetescute, zeste, period, and Pgd-show moderately to severely reduced levels of per-nucleotide heterozygosity in both species (Aguade et al. 1989; Martin-Campos et al. 1992; Begun and Aquadro 1993,1994; Hey and Kliman 1993; Kliman and Hey 1993) . Our data on variation in the prune locus within both D. melanogaster and D. simulans are similar to those for other loci in the region. We compared our sequence data for prune at map position 0.8 with those available for two flanking loci, Pgd at 0.6 and zeste at 1 .O. For D. melanogaster Begun and Aquadro (1994) reported 8 = 0.00 13 for 13 alleles of Pgd sequenced from a North Carolina population, while Hey and Kliman (1993) calculated 8 = 0.0025 for 6 alleles of zeste sampled from the United States and Kenya. The 95% confidence limits on our estimate of 8 = 0.0006 for prune overlap these values (table 1). The same two studies also examined variation in D. simulans, yielding 8 = 0.0037 for Pgd (19 alleles) and 8 = 0.0078 for zeste (6 alleles), compared with our value of 8 = 0.0066 for prune. The prune locus thus appears to be typical of loci in this region in both species.
The amount of divergence at prune, between the two species, is similar to levels seen at other loci, indicating that neither high levels of functional constraint on the locus nor reduced levels of neutral mutation can be invoked to explain the low level of nucleotide heterozygosity within D. melanogaster. The two species differ at 9.3% of their silent sites in the coding region (when the PC1 6 sequence for D. melanogaster and the PC3 sequence for D. simulans are used), which compares favorably with divergence seen at loci in both low-and high-recombination portions of the genome. For example, divergence at silent sites in the low-recombination y-ac-SC and su(f) regions is estimated as 6.95% and 11.4%, respectively (Martin-Campos et al. 1992; Langley et al. 1993) , while in the high-recombination A&z region it is 5.2% (Kreitman and Hudson 1991) .
We performed HKA tests (Hudson et al. 1987 ) on the prune sequence data to determine whether the locus appears to be evolving according to a neutral model. When all 1,395 bp of the six wild-type prune alleles from D. melanogaster are compared with 1,868 bp of six alleles of the nearby period locus, whose patterns of polymorphism and divergence indicate neutral evolution (Kliman and Hey 1993), the value of x2 is 3.57, which is not quite statistically significant (O.lO<P<O.O5). Comparing variation at 565 silent sites within prune to 1,243 bp of 11 sequences from the silent 5' flanking region of the Adh locus (Kreitman and Hudson 199 An interesting pattern emerges if data on silent versus replacement polymorphism at prune within both species are compared with levels of silent versus replacement divergence between species. Table 2 shows a statistical test similar to that of McDonald and Kreitman ( 199 1) . The value of x2 gives P = 0.06, which, while not quite significant, indicates a strong tendency for amino acid polymorphism to accumulate within but not between species, relative to silent variation. This pattern would be expected if amino acid substitutions are weakly deleterious, so that they may drift to appreciable frequencies within species but are unlikely to become fixed (Kimura 1983) . These weakly deleterious substitutions might be more effectively selected against were the prune locus in a region of higher recombination, but in a region Begun and Aquadro ( 1992) have shown a significant positive correlation between levels of polymorphism within D. melanogaster and rates of recombination, but a lack of correlation between recombination and interspecific divergence between D. melanogaster and D. simulans. A subsequent study using a large number of loci on chromosome 3 has confirmed these relationships (E. C. Kindahl and C. F. Aquadro, personal communication). Our data on polymorphism and divergence at prune add an additional data point to their findings. This correlation can be explained either by hitchhiking of linked neutral variation along with new, positively selected mutations (Maynard Smith and Haigh 1974; Kaplan et al. 1989) or by background selection against deleterious mutations (Charlesworth et al. 1993) . In either case, the action of natural selection in conjunction with reduced recombination, rather than either a reduction in the neutral mutation rate or a high level of functional constraint on the loci in question, must be invoked, because divergence between species at these loci does not show a concomitant reduction. Unequivocal resolution of the background-selection hypothesis versus the hitchhiking hypothesis at prune must await more sequence data. 
